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J. Electrochem. Soc.
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Summary 2
9. Abstract of Cbjectives and Accomplishments:

The study of surrfaces 1s becoming increasingly important. Many times more is
known about the bulk properties of chemical materials than is known of their sur-
faces. The surface of a material must be quite different from the interior
chemically because surrace atoms or molecules cannot be bonded to sinilar material
on all sides. A large fraction of chemical reactions of industrial importance take
place on surfaces, e.g. catalytic reactions, plating reactions, etc., and the
state of the surface 18 known to have a profound effect on the course and rate of
the reaction.

Most of the tools and techniques that have been recently developed for surface
study are measurements made in a vacuur and are not sulted to the study of surfaces
under practical reaction conditions. The long range objective of this iesearch
wvas to develop electrochemical tools ror studylng the electrode-electrolyte inter-
face and to apply them to systems orf interest. Electrochemlcel techniques are
particularly promising for the study of conducting surfaces because a change of a
small rfraction of a small surface can result in an easily detectable change in
capacitance or surface charge.

A triangular sweep generator was designed and constructed for use with potential
sweeping experiments. This instrument has the advantages of controlling the sweep
rate and the positive and negative sweep limits independently. The palladium-
hydrogen electrode was studied to investigate its use as a superlor reference
electrode, in this research, to the platinum-hydrogen electrode. The procedure for
making sultable palladium-hydrogen reference electrodes was established and, in
addition, the thermodynamic properties and the potential-composition curve for the
palladium-hydrogen system were obtained. The Pd-H reference electrode has been
very useful.

Two new techniques for the measurement of double-layer cepacltance at solid
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electrodes were developed. One 1s particularly useful 1.1 obtaining capacitance
values over a wide potential range rapidly and/or as a function of time. Impurity
absorption effects are obvious and minimized. The other technique glves quick
qualitative information on the effect of the measuring freguency on the measured
value of the double-layer capacitance. As a result of this work, & new model for
the frequency erffect has been proposed.

Capacitance measurements as a function of frequency, potential, time, and PH
were made on silver electrodes in perchlorate solutions. Silver is shown to
behave quite similarly to mercury in its capacltive behavior.

During the course of the research on platinum surface oxides (Air Force Contract
AF 49(638)-467) a method of wetting a platimum surface with liquid mercury vas
discovered. This discovery has led to meny interesting applications of solid-
supported mercury surfaces in this laboretory and others. An investigation of
the wetting process was carried out under this grant. The basis of the wetting
action is shown to be an intermetallic compound formed of platinum and mercury

at the interface between the two metsls.
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Period Covered: November 1, 1962 through October 31, 1964

This grant was a renewal of the contract AF 49(638)~973 which ran for the two
years previous to the period of this report. Included in this report axe results
and publications of several projects begun during the previous contract period and
concluded during the period of this report.

Mr. William Weir held an NSF Fellcwship and thus received no salary from the
grant, Much of his equipment and supplies were, however, provided by this grant.
During this perind he completed the design of a triangular sveep generator which
was needed for potential sweep studies of film formation reacticns, The resulting
instrument produces a symmetric or asymmetric triangular waveform of high quality
with sweep rates continuousiy variable from 5 mV/sec to 200C V/sec, independent of
amplitude; positive and negative sweep limits are independently variable {rom 0-3 V
relative to a relerence level vhich is itself variable with respect to signal ground,
Provicion is made for comtrolling the output voltage =L a preset level prior to
initiation of the sweep, and the sense of the initial sweep may be selected, The
cyclic sweep may be halted at either limit, either nechanically or electronically.
An auxiliary output provides a square wave with peak-to-peak amplitude equal to the
peak-to-peak amplitude of the triengular waveform, based at signal ground, and with
period regulated by the sweep rate controls.

A copy of the reprint describing this instrument is attached to this report.

The electrochemical potential of the palladium - hydroger system was studied
by Mr. Michael Vasile, who held various fellowships and received no salary from the
grant, He measured the potential of a palladium - hydrogen electrode as a function
of the composition of the electrode, temperature, and pH. The objective of these
studies was to prepare a palladium - hydrogen reference electrode which could be

used in hydrogen free solutions, The potential was found to be a function of the
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electrode composition in the a phase, and B phase, and independent of composition
in the o + B phase region, Equations were derived from fundamental thermodynamics
which fit the potential vs. composition data in the a phase and in the a + B phase
region, as well as the temperature dependence observed, A good procedure for
preparing a palladium - hydrogen reference electrode was developed.

A copy of the manuseript describing this work which was submitted to the
Journal of the Electrochemical Society and which will be published there in the
August, 1965 issue, is attached to this report, Reprints will be sent when they
are available,

Mr. Louis Ramaley developed two new methods for the measurement of double-leyer
capacitance at solid electrodes and applied these techniques to measurements of
silver electrodes. One method, involving the application cf a rectangular current
waveform, is convenient for obtaining qualitative information on the frequency
dispersion of the double-layer capacitance, The other, involving the application
of a small sinusoidally varying potential of constant amplitude, is capable of an
accurate and very rapid determination of capacitance over a wide potential range,
A copy of the manuscript describing these techniques which has been accepted for
publication in the Journal of the Electrochemical Society is attached to this
report. Reprints will be sent when they are available,

The electrical double-layer capacitance of silver was studied in 1 N sodium
perchlorate solutions as a function of pH, method of surface preparation, and
electrode potential, The results suggest that the double-layer structure on
silver and mercury may be very similar. A model explaining the frequency dispersion
of double-layer capacitance o. -olid electrodes is proposed, and qualitative
substantiating evidence is g! en, Attached to this report is a copy of a manu-
script describing these measurements, It has been accepted for publication in the
Journal of the Electrochemical Sodiety and reprints will be sent when they are

available,
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During the course of the research on platinum surface oxides (Air Force
Contract AF 49(638)-467) a method of wetting a platinum surface with liquid
mercury was discovered, A communication describing this discovery was published
in the July 1963 issue of Analytical Chemistry., A reprint of the communication
is attached to this report, This discovery has led to many interesting applications
of solid-supported mercury surfaces in this laboratory and others.

Mr. Ronald Brubsker, who workad on the data for the ccmmunication mentioned
above, went on to study the mechanism of the wetting process. His thesis work
shows that an intermetallic compound is formed between the mercury and the
platinum. When the mercury covered platinum electrode is made sufficiently anodic,
the mercury dissolves into the solution. When all the mercury metal has dissolved,
the mercury in the Hg-Pt compound will begin to dissolve, but a more anodic
potential i3 required., By measuring the coulombs required to dissolve the Hg
coating and the Hg from the compound for various preparations and pretreatments,
an estimate of the rate of compound formation was obtained.

In addition, Mr, Brubaker investigated the use of the mercury coated platinum
electrodes for polarography and anodic stripping voltammetry., A rotating electrode
configuration was found which gave reproducible results, had linear response, and
was extremely sensitive, Mr, Brubaker's thesis is currently in the final draft
stage and a copy of it will be submitted as soon as it is available, The manuscript
and reprints from the anticipated publication of this work will also be submitted
when available,

In summary, during the period of this grant, a new instrument was developed
and two new technjques for double-layer measurements were developed and applied to
silver electrodes with valuable results, The Pd-H electrode was analyzed both
practically and theoretically, and a method for mercury-coating platinum was dis-

covered, explained, and found to be of great practical value, The entire research

effort of four graduate students was supported over the period of the grant.




UNCLASSIFIZD [p :2 7/ 2 @(7[ ~

Security Classification

DOCUMENT CONTKOL DATA — R&D

1Qomprits clacstiracien af title “ndv of ehstrart and indesing annotation must be entered uhen the overall report s classified)

Rt denn o oue

1 ORIGINATING ACTIVITY (Corporate author} Z&R[E]PO‘RT §f5_runny CLASSIFICATION
NCIASEH I 4
Princeton University Other — Specify
Depurtmant of Chemistey 2B GROUP
2y

"3 REPORT TITLE

1A Study of the Kinetics and Mechanism of Electrolytic Film Formation
Roactions

4, DESCRIPTIVE MOTES (Type of report and inclusive dates)

1 Scientific Report [X Final Report [J Journal Article [J Proceedings [J Book

S AUTHOR(S) (Last name, first name, iaitial)

Enke Christie G Dr

6 REPORT DATE AS PRINTED 7A. TOTAL NO., OF PAGES 7B. NO. OF REFS

6 July 1965 Seven (7}

8A CONTRACT OR GRANT ”°'AF-AFQS!%,~151-63 9A. ORIGINATOR'S REPORT NUMBER(S) (if given)

B. PROJECT No.  §T10-03

C. 61445014 9B. OTHER REPORT NO.(S) (Any other numbers that may be assigned
this report)
AFOSR 65~1560
D AD
10. AVAILABILITY/LIMITATION NOTICES B Available from DDC
B}A::ilable from CFSTI
Distribution of this document i unlimited, O Available from Source

{3 Available Commercially

11 SUPPLEMENTARY NOTES (Citation) 12, SPOMSORING MILITARY ACTIVITY

AT Office of Scientific Research (SRC)
Office of Aerospace Research
Washington, D. C. 20333

13 ABSTRACT

, summary is presented of an investigation on the development of electr- -
chemical tools for studying the electrode-electrolyte interface and on their
application to systews. of intersst. A triangular sweep generator was designed
and constructed for use with potential sweeping experiments, and the pallaciu- -f
nydrogen electrode was studied. Two nuw techniques for the measurement >
double-layer capacitance at solid electrodes were also developed. Capacitine
weasureisents ware niade on silver electrodes in perchlorate solutions, 11
a method of wetung a platinu. 1 surface with liquid mercury was discovered.

(U)

v am e —mae e e e

e — A o Wt e e

v - -

DD FORM 1473 UNCLASSIFIED
1 JAN 64 Security Classification




Security Classification

.-

14.
: KEY WORDS

LINK A LINK 8 LINK C

ROLE wT ROLE wT ROLE wT

glectrodes
Electrolytes
Interfaces
Platinum Surfaces
surfaces

INSTRUCTIONS

1. ORICINATING ACTIVITY. Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate auther) issuing
the report.

2a. REPORT SEWV’TRITY CLASSIFICATION: Enter the over-
all security clase ricatioz: of the report, Indicate whether
““Restricted Data” is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Manual, Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as authaqr-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tiun, shuy title clasaification in all capitals in parenthesis
immediately followins lie title,

4. DESCRIPTIVF .. ES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final,
Give the inclusive dates when a specific reporting period is
covered,

S. AUTHOR(S): E«ter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial,

If military, show rank and branch of service, The name of
the princspal auathor 1s an absolute minimum reqgu.ement.

6. REPORT DATZ: Enter the date of the report as dey,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOT..L NUMBER OF PAGES: The total page count
should follow normal pagination procedwes, i.e., enter the
number of pages containing information

7b. NUMHBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER. If appropriate, enter
the applicable number of the contract or grant under which
the report was written,

8b, &, & 8d. PROJECT NUMBER. Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc

%a. ORIGINATOR'S REPORT NUMBER(S). Enter the offi-
«ial report number by which the document will be identified
and cuntroiled by the originating activity. This number tnust
be unique to this report.

9b. OTHER REPORT NUMBER(Y): If the report has been
assigned any other report numbers (erther by the originator

or by the sponsor), also enter this number(s).

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

®

impgsed by security classification, using standard statements
such as:

(1) “‘Qualified requesters may obtain copies of this
report from DDC.”’ .

(2) ‘‘Foreign announcement and dissemination of this
report by DDC is not authorized.”’

(3) *“U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

e

{4) “U. S. smilitary agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

. ”»n

(5) ‘*‘All distribution of this report is controlled. Qual-

ified DDC users shall request through

”
»

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and énter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the narz of
the departmental project office or laboratory sponsoriug (pay~
ing for) the tesearch and development. Include address.

13 ABSTRACT: Enter an absiract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If addittonal space 1s required, a continuation sheet shall
be attached.

It 1s highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military securnty classification of the 1n-
formation in the paragraph, represented as (TS), (S). (C), or (U,

There is no limitation on the length of the abstract. How-
ever, the suggested length (s from 150 to 225 words.

14 KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize 2 report and may be used as
index entries for cataloging tho report. Key words must be
selected s that no secunty classification 1s required. Ident:-
fiers, such as equipment model designation, trade name, military
projact code name, geographic location, muy be used as key
words but will be followed by an indication of technical con-
text The assignment of links, roles, and weights is optional.

Security Clagsification




